Introduction
The Pearl River Delta, situated on the south coast of China, include nine cities: Guangzhou, Shenzhen, Zhuhai, Foshan, Zhaoqing, Dongguan, Zhongshan, Jiangmen and Huizhou, is the most dynamic and potential region in China's economy development pattern [1] . In 2014, the Pearl River Delta region produced 5765 billion Yuan of GDP, becoming the important driving force of economy development in Guangdong province [2] [3] [4] . However, in the rapid process of economic development, industrialization and urbanization, high population densities and aggregation of industries pose significant environmental pollution and ecological unbalance problem. Now, the Pearl River Delta region has witnessed severe ecological damage [3] . So, the primary issue facing the Pearl River Delta region at present is how to ensure coordinated development of economy and environment by enhancing environmental regulation. An important solution is to strengthen environmental regulation, the intensity of environmental regulation has been increasing and the enterprises are now placed under tighter supervision on pollution emissions. Then, the question arises. Do environmental regulation and technological innovation complement each other or counteract each other? Does environmental regulation have a positive or a negative effect on economic growth? This paper incorporate all three factors under one framework and provide a more systematic analysis of the relationships between the three, then, an empirical test is performed using the data of 9 cities in the Pearl River Delta from 2002 to 2014 by differential GMM estimation to investigate the mechanism of the promoting effect of environmental regulation on economic growth.
Literature Review

Effect of Environmental Regulation on Economic Growth
The effect of environmental regulation on enterprise's productivity and export is mainly analyzed [5] . It is conventionally believed that environmental protection and economic growth are mutually inhibitory, which further influences the economic growth of a country [6] . Michael Porter raised Porter hypothesis; it is stated that environmental protection in the truest sense will not add to the production cost of an enterprise; rather it will stimulate innovation and create more net profits, thus enhancing international competitiveness of the enterprise [7] . Asghari (2013) showed that improved environmental policy helped to increase the region's economic growth and the Porter and industrial flight hypothesis was valid in this region [8] . Gupta (2014) explored that economic growth and green environment has a direct relation with health, habitat and well being of our society which depended largely on the natural environment [9] . Feng (2015) showed that there existed a relationship of multiple equilibrium between economic growth and environmental regulation [10] . Zhang and Kang (2015) found that environmental pollution was not the main reason for FDI inflows' slowing down, and environmental governance investment significantly brought negative effect to FDI [11] . Chong et al. (2016) revealed a remarkable negative effect of environmental regulation on economic growth [4] . Lorente (2016) concluded that air pollution will not disappear on its own as economic growth increases [12] .
Effect of Environmental Regulation on Technological Innovation
There is no doubt that environmental regulation will increase the pollution management cost of an enterprise. This reaction to environmental regulation is known as the innovative compensation effect [13] . To achieve a win-win situation between environmental protection and production technological progress, different environmental regulation intensities should be planned according to different pollutants in various manufacturing industries [14] . According to Porter hypothesis, the innovative compensation effect motivates enterprise's acquisition of advanced production process and management expertise [15] . This further improves environmental quality and enterprise's output, and there will be a rise in enterprise's productivity. But what will be the specific impact of innovative compensation effect on enterprise's technological innovation? Wang and Wang (2011) carried out an empirical analysis and suggested that Porter hypothesis was supported by data in Eastern China, but not in Central China where the economy is less developed [16] . Zhang et al. (2011) constructed A U-shaped pattern existed in the relationship between the two [17] . Ma et al. (2013) found that environmental regulation can motivate coal enterprises' technology innovation by adding variable [18] . Sun et al. (2013) found that the short-term decision of enterprise technological innovation was influenced by the additional cost which was caused by the environmental regulation [19] . Chen and Yu (2014) showed that environmental regulations has a significant positive effect on research expenditure [20] . Guo et al. (2017) discovered that environmental regulation positively influenced technological innovation [1] .
Environmental Regulation, Technological Innovation and Economic Growth
On the macroscopic scale, environmental regulation has an indirect and hidden effect on economic growth. The most direct influence is the pressure imposed on the enterprises to conform to the tighter environmental standards, which gives rise to an increase in production cost. Moser et al. (2013) discovered that it was not obvious whether these policy instruments rather repress innovation and economic growth than induce a shift toward a greener technology [21] . Guo et al. (2017) found that environmental regulation positively influenced technological innovation, and technological innovation has a positive impact on regional green growth performance [1] . Cheng et al. (2013), Zhou (2014), Wang (2015) , Mathis (2017) also discussed the reciprocal relationship between economic growth, technological innovation and environmental protection [22, 23] . Environmental regulation does have an impact on technological innovation, which in turn promotes economic growth. We assume that technological innovation is an intermediate variable between environmental regulation and economic growth. Environmental regulation fuels economic growth by affecting enterprise's technological innovation. An empirical analysis is performed based on the following assumptions.
Empirical Design Model Construction and Data Source
To test for the effect of environmental regulation on technological innovation, the econometric model is built as follows:
(1) where R&D it is the R&D investment of industry i in period t, as a measure of the technological innovation capacity; ERS it is the intensity of pollutant emissions in industry i in period t; higher intensity of pollutant emissions means that stricter environmental regulation is needed; ε is error term. The set of control variables includes regional FDI, regional enterprise size and regional human capital.
The econometric model describing the effect of environmental regulation on economic growth is expressed as follows:
According to endogenous growth theory, besides environmental regulation, economic growth is also affected by labor force, technological level and capital, urbanization level (URBAN) and industrial structure (IC), all of which are taken as control variables. Labor force (L) is measured by the number of practitioners within a sector at the end of the year in each region; capital (K) is measured by the fixed assets investment in a sector [16] . Urbanization level is measured by the proportion of urban population to total population. Industrial structure is measured by the ratio of total industrial output of a sector to total industrial output of a region.
Indicator Measurement
Based on the study of Sun et al. and Song, we also use pollutant discharge to measure the size of government environmental regulation intensity [10] . Four indicators are chosen, namely, waste water emission (hundred million ton), sulfur dioxide emission (ten thousand ton), dust and soot emission (ten thousand ton) and solid waste emission (ten thousand ton).
First, each indicator is normalized to eliminate incommensurability:
where UE jg is the original value of emission of pollutant g in industry j; max(UE g ) and min(UE g ) are the maximum and minimum emissions of pollutant g in all industries, respectively.
The adjustment coefficient W g of each indicator is calculated, and different weights are assigned to different indicators in the industry.
where E jg is the emission of pollutant g in industry j; ΣE jg is the total emission of pollutant g in all industries; Q j is gross industrial output in industry j; ΣQ j is gross industrial output in all industries. According to the normalized values and weights of each indicator, the comprehensive intensity of environmental regulation in each industry is calculated:
(5) Through the summation of intensity of environmental regulation for each pollutant in each industry, the average intensity of environmental regulation is obtained.
Data Source
The data on wastewater emissions, dust and soot emissions and solid waste emissions come from 2002-2015 Guangdong Statistical Yearbook. The estimates of other variables, such as R&D investment and FDI, also come from 2002-2015 Guangdong Statistical Yearbook. Mean imputation is used to complement the missing data.
Result Statistical Description
Empirical analysis is based on the data of 9 cities in the Pearl River Delta from 2002 to 2014. Table  1 shows the descriptive statistics of the variables. The average R&D investment of the 9 cities is 5890.765581 million RMB, and the annual average FDI is 1843.871197 million US dollar. R&D investment and FDI show large regional variations. The average ERS of 9 cities in the Pearl River Delta is 2.6265, which is close to the national average. GDP per capita is 54262.5042 RMB, and the annual average salary is 34200.8248 RMB, which is higher than the national average. Note: the unit of R&D is ten thousand RMB, the unit of FDI is ten thousand US dollar, the unit of WAGE, GDP and L are yuan, the unit of K is hundred million RMB, the unit of URBAN and IC is %. 
Effect of Environmental Regulation on Technological Innovation and Economic Growth
To reduce the correlations between the variables, regression is performed on formula (1) using differential GMM estimation. To check whether the U-shaped pattern is present in the relationship between environmental regulation and technological innovation, the first power variable of environmental regulation is introduced, and then squared variable is introduced. The regression result is shown in Table 2 .
For model 1 and model 2, the Sargan statistic is 20.0626 and 21.1798, respectively (P>0.05), thus accepting the null hypothesis. The overidentifying restrictions are valid and the instrumental variables introduced are valid. According to residual correlation analysis for differential equations, the P value of AR (1) in model 1 is 0.0117 and that in model 2 is 0.0122, indicating first-order autocorrelation between the variables. The correlation found by AR (2) in model 1 and 2 is not significant, indicating the absence of autocorrelation in residual series of second order and above. According to Sargan test and AR (1) and AR (2) model in Table 2 , the instrumental variables selected are valid, and the model is just-identified. The regression result in Table 2 is analyzed.
As indicated by regression analysis using model 1 and model 2, environmental regulation has a significantly negative effect on technological innovation. With the introduction of squared variable of environmental regulation, environmental regulation has an insignificantly positive correlation with technological innovation. This demonstrates the U-shaped pattern in the relationship between the two. As the government tightens the environmental regulation, the enterprises are encountered with pressures in cutting down waste gas and wastewater emissions. To meet the emission standards, the enterprises have to optimize the production process and the pollution management technology, which inevitably increases the pollution management cost [13] . As shown by the correlation analysis with the introduction of squared variable of environmental regulation, the innovative compensation effect expected from tighter environmental regulation is not so obvious. This is because some smalland mid-sized enterprises in the Pearl River Delta are shut down by the government due to the failure to meet the emission standard. These enterprises are phased out by the market. (-1.0687) Note: ***, ** and * indicate significant difference on 1%, 5% and 10% level, respectively; the data in brackets is z statistics; Overidentification test statistics is given in the Sargan test; AR (1) and AR (2) represent Arellano-Bond test for autocorrelation in first-order and second-order differential residual series, respectively.
Of all control variables, enterprise size has a negative impact on technological innovation, and the R&D investment of the enterprises does not show the scale effect as expected. Positive coefficients of FDI indicate that foreign capital is favorable to enterprise's technological innovation. Human capital has a significantly positive effect on technological innovation. The coefficient of determination of R&D investment with 1 period lag is 0.8348, indicating the inertia of R&D investment. Enterprise's technological innovation is a long-term process and the R&D investment of the preceding period maintains some positive effect on R&D investment of the current period.
For model 3 and 4, according to Sargan test and AR (1) and AR (2) model in Table 3 , the instrumental variables selected are valid, and the model is just-identified. The regression result in Table 3 is analyzed. A U-shaped pattern is present in the relationship between environmental regulation and economic growth. The first power variable of environmental regulation is negatively correlated with economic growth at 10% significance level, and the squared variable of environmental regulation has an insignificantly positive effect on economic growth. It can be inferred that environmental regulation in Pearl River Delta has a significantly inhibitory effect on economic growth. But as the intensity of environmental regulation increases, the effect becomes positive, though not so significantly. As analyzed above, the promoting effect of environmental regulation on technological innovation in the Pearl River Delta is not fully realized yet. Although the U-shaped pattern is present in the relationship between environmental regulation and economic growth according to studies that cover a rather long time span, the positive effect is only valid in the long-term. Given the less intense environmental regulation and government supervision, the promoting effect of environmental regulation is only moderate.
Technological innovation is significantly positively correlated with economic growth, and human capital and investment also have a positive effect on economic growth. Thus, technology, capital and human labor are the three pillars of economic growth. Urbanization level has a significantly positive correlation with economic growth, while the relationship between industrial structure and economic growth is not so significant. Besides, GDP of the preceding period is significantly correlated with GDP of the current period. It is obvious that economic growth occurs over a long time span, and economic growth of the current period is premised upon the economic growth of the preceding period.
Conclusions
We perform an empirical analysis of the relationship between enterprise's technological innovation and economic growth using panel data of the Pearl River Delta from 2002 to 2014. A U-shaped pattern is discovered in the relationship between technological innovation and economic growth. As indicated by the U-shaped pattern, environmental regulation first inhibits economic growth significantly in the Pearl River Delta and then promotes the economic growth in the long run. But this promoting effect is not significant statistically. This is because the promoting effect of environmental regulation on technological innovation takes longer time to get fully manifested. Since technological innovation is a mediating factor in the promoting effect of environmental regulation on economic growth, it is not surprising that the economic growth is not fully fueled by technological innovation.
The policy makers can take explicit inspirations from the above conclusions. To achieve the winwin situation, the government should take the following measures: To flexibly use environmental regulation policy to facilitate the transition from order-based regulation to incentive-based regulation. To combine environmental regulation policy with industrial upgrading support policy so that environmental regulation will show the compensation effect.
